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SOMMASY 


A EBiiiod for the calcvilaticsn. of the 'buckling stress of a 
multlweb •Hlng in "bending is presented, and design, charts baaed 
on this method are deve3.oped for 'the minimum-veight design of 
multiwob wings of 2kS-^ aliuninum-alloy sheet, extruded 75 s aluminum 
alloy, and extruded 0-lHEA magpesitmi alloy. These charts make possible 
the desa.gn of the lightest wings of this type for a wide range of 
design requirements . An example of the use of the charts is given. 


INTROEDCTION 


BecaTise of the small absolute depth of ihin hi^-speed wings, 
scans designers are considering the use of a type of construction 
that ei: 5 >loyB a number of shear webs vith no intermediate stiffening 
of the skin (multiveb wing) . For a wing of this type, as for any 
hi^-epeed wing, the requirements of a smooth surface or a hi^ 
torsional stiffness result in the use of a fairly thick skin. If 
the aspect ratio of the wing is relatively low, the ccanpressive 
stresses due to bending of the wing may be low and the problem of 
buckling, therefore, a minor one. If the aspect ratio is relatively 
high, however, ihe buckling of the sixructure due to bending may be 
of primary significance, in spite of the relatively thick skin. 

The present report considers a multiweb wing in which the 
buckling of the webs and oonpression skin Tuider bending leads is 
of primary significance in the design. A method for calculating 
the buckling stress is provided and design charts are presented 
from which the proportions for minimum weight can be chosen. An 
exanple of the use of the design charts is given. 

The methods by which the various charts were prepared are 
discussed in appendixes A and B. Appendix C gives a discussion of 
the effects of shear in the webs . 
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SBIBOLS 


area per chordwise inoli of weTj and c mp reBsion elcin^ inches 


D plate stiffness in "bending, inch -kips 

E Young’s modujt.us of elasticity, ksi 

mcanent per chordwise inch, inch-kips per inch 

Nq intensity of comprossiTe force in x direction at edge 
of plate y = 0, kips per inch 

N intensity of distributed forces in x directicaa at edges 

of plate X s= 0 and x = X, kips per inch 

Sq stiffness per unit length of elastic restraining medium 

or anpilitude of sinusoidally applied moment divided "by 
anrplitixde of i^siilting sinusoidal rotation of elastic 
medixaa in quarter radians 

stiffness in moment -dlstri"butl on analysis for far edge 
supported vith r..> restraint against rotation 

stiffness in mcjraent-dlstrl"bution analysis for far edge, 
supported and subjected to sinusoidally distributed 
manent equal and opposite to mcanent applied at near edge 

T external work of applied stress 

"V internal energy of deformation 

ai, Fourier coefficients of sin 

hi 

b width of plate element, inches 

1, J, n integers 

k nondimensional critical -stress coefficient for plate - 

buckling formula 

t thickness of plate element, inches 



r 
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S 


w plate -■buoKLlng defarmatim, normal to plane of the plate 

X plate coordinate in direction of stoess 


y 

3 

r 

11 


plate coordinate, X>erpcndicular to direction of stress 


ratio of half -save " "ngth to plate vidth 
Lagt’angian nmltiplier 

nondiaiensicnal coefficient that taheS into account reduction 
of modulus of elasticity for stresses above the elastic 
range; within the elastic range, t] = 1 


Poisson's ratio 


a 

T 


8 


half-wave length of buckles in longitudinal direction, 
inches 


nondlmens ional 


restraint coefficient given by the formula 



longitudinal occgareesive stress, ksi . _ 

shear stress, ksi 

ratio of shear stress r actually present to critical 
shear stress t whon no other stresses are present 

ratio of bending stress c actually present to critical 
bending stress •vdxen no other stresses are present 

amplitude of sinusoidal edge rotation 


Subscripts : 

p referring to plate 

r referring to restraint 

S skin 

W web 

or critical 
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cy coBipreBsiTe yield 

■max Ejaxlmum 

eq equivalent 


BUCKLIIIG S03BESS OF A MJLTIWEB WING 
Siaqilifying Assumptions 


For purposes of analysis, ilie multiwet wing has "been idealized 
to an infinitely wide, inf ini tely long, integral flat -plate structuro 
of the type indicated in figure 1. A dlscuesion of the effect of 
each of the simplifying assumptions employed follows: 

Infinite width . - For a wing with fotir or more shear wehs, the 
eitror made in assvaning infinite width shoui.d he quite emll. 

Infinite J.eng^th . - The assumption that the wing is infinitely 
long may he ccnsidex-ed conservative because the insertim of uprights 
on the wehs, or of huUdaeads or X’ihs, would tend to force the buckling 
into wave lengths other th; i its natural wave length and thus to 
raise the buckling stress . The amount of conservatism, however, is 
probably quite small for normal spacing of upri^ts, bvilklieade, or 
ribs . 


Integral nature of assumed structure . - Wo published data eore 
available to indicate the effect of riveted or otherwise aasembled 
Joints in altering the buckling stress frcm tlxat for an integral 
(or continuous) structure. The effect would depend greatly on the 
design of the attachment. Obser'^tions made in the course of other 
research programs have indicated that the effect is probably quite 
small for conservatively designed conventional attachments. 

Flat comnression skin . - The assuE^tion of a flat compression 
skin is conservative, as the introduction of curvature would tend 
to increase the buckling stress. Again, however, the amount of 
conservatism is parobably small, because the multi web construction 
is most applicable to very thin wings, where the deviation from 
flatness in the region between webs is quite small. 

Simple sunnort at lower edge of webs . - Because the tension skin 
will always provide a finite amoxnt of restraint against web buckling, 
the replacement of the tension skin by a simple support is conserva- 
tive. For one check case discussed in appendix A, however, it was 


r 
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found that an Increase of the restraint at the lover edge of the 
weh all the vay from simple support to complete fixity produced 
an increase of only 0.8 percent in the huckling stress. 

Symmetrical tending . - In the analysis, the neutral axis was 
assumed to he at the center of the web. 'Whether this assumption 
is valid fox’ a particular wing depends upon the relative -tiilcknesBes 
of teiision and compression skins and upcn the symmetry or 
asymetry of the airfoil section. If skin thicknesses are 
dictated by torsional stiffness and if camber is small - both 
conditions being likely in very lliin wings - the assungjtion of 
symmetrical bending should not represent a very severe departure 
from the actual, conditions. 

Pure bending . ~ In ilie calculation of the buckling loads and 
the preparation of the design charts, the wing. is. assumed to be 
subjected to pure bending and the effects of shear, torsion, and 
local air leads are neglected. If the aspect ratio of the wing 
Is' high "the buckling of the structure due to bending me.y be of 
primary sigrdficance. Even if the aspect ratio is high, howevex*, 
■aiere may be sufficient sheaf’ on the wing to preclude the assixaptlon 
of pure bending (zero shear in the webs). An evaluation of this 
assumption is made in appendix C. 


Charts for Calculation of Buckling Stress 

The chart for calculation of the buckling stress of a multiweb 
wing, based on the preceding simplifications, is given in figinre 2. 
The method of preparation of this chart is discussed in appendix A. 
This cliart Is of a type similar to those given in reference 1 for 
columns of I-, Z-, channel--, and rectangular-tube section, and those 
given in reference 2 for ve'b- and T -stiffened compression panels. 

The elastic stress -S. in the compresslcia surface at which buckling 

n 

takes place is given by the formula 

fhr ^ 

n 12(1 - 


The value of kg for any given set of dimension ratios is picked 

from, figure 2, and the values of E and iJ, are for the material 
being considered. 
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The value of ts„ , prchatly conservativo, can be obtained. 

Cl* 

once Is IcnoTin, from the curves for varictis aircraft 

structiiral materials given in references 3 to 9, and the value 

of 0 can be estimated from these same references, 
max 


liESICa? CHAETS 
Discussion of Charts 


Design cherts for multiweb wings, based on buckling strossos 

obtained from figure 2 and experimented, data from references 3^ 5/ 

and '9, are given in figures 3 to 6. The metlicd by which the design 

charts are prepared is outlined in appendix B. Charts are presented 

for 2i»S-T aluminum -alloy sheet, extruded 75S-T elunln’mn alloy, and 

extruded 0-lHTA magnesium alloy. A second chart for 0-lIITA which 

makes possible direct ccanparieon with the otlier two matex-ials is 

also presented. Lack of experimental deta at the present time 

prevents the preparation of charts for a high-strength aluminum - 

alloy sheet ms.terial or for magnesium-alloy sheet. It has been 

assumed in the preparation of the charts that one of the design. 

requirements for a multivreb wing Is that buckling shall not be 

permitted under any flight condition. The value of e lised in 

Disy 

the preparation of the charts was consequently never allowed to 
excoed 


The quantities with which the charts aro entered are 
(the ratio of depth to skin thickness for the wing) and 
which defines the loading condition. (The quantity M^^b^rt^ 

represents the hipest stress attainable, as it is the stress that 
would be developed' were the entire load carried in the skin alone . ) 
The qvtBntltlos to be read from ihe charts are the dimension 

t„ and by^tg and the efficiency parameter M^^^byA^. 


ratios 

If 


and b.^ are fixed, the value of 


/Vj 


is an Inverse 


measure of the area (and thiis also of the weight) of the resulting 
design. The higher the value of less the weight 

and the greater the efficiency of the structure. 


If trv.'o materials of different densities are being considered, 
the comparative values of for the two materials provide 

an inverse measure of the comparative areas but not of 'the 
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comparatiTe weights . In order to make possible direct weight 
comparisons between al-uminum and extruded 0-iBHA inagnesium alloy, 
figure 6 has been prepared, in which the value of A^^ has been 


replaced by , 


A^ , the area per inch of an aluminum, structure of 
ea 


the same weight as the magnesitea structure. Similarly, M^^/by-tg 

ana ^^1 

of aluminum., Mj_^lyt, 


t are replaced by ratios based on equivalent tiiicknesses 
S 


and 


■’eq 




■'eq 


Example of Use of a Design Chart 

The procedure in using the design charts can best be illustrated 
by carrying through a sample design. Suppose the value of 

is 300 inch -kips per inch and the wing depth b^ is I5 inches. For 

comparative purposes, 2ifS-T aluminum-alloy designs will be made for 
values of skin thickness tg of O.ll-, 0.5, a®-d 0.6 inch. The 

procedure is then as outlined in the follo^rlng table; 


(1) 

(2) 

(3) 

(M 

(5) 

(6) 

(7) 




(11) 

% 

% 





% 

1 

■^i 

Ai+tg 

Vei^t 
(Ib/sq ft) 

(iia) 




b 

S 


(in) 


(in) 

(in) 







CL)x(4) 


300 






from fig 

3 

(5) 

15x(6) 

B 

l4.4x(10) 

0.4 

50.00 

37-50 

0.453 

1.497 

29.9 

0.181 

10.02 

0.669 

1.069 

15.4 

•5 

to .00 

30.00 

-305 

1.000 

30.7 

.152 

15.00 

.652 

1.152 

16.6 

.6 

33-33 

25.00 

.225 

-737 

28.6 

•135 

20.36 

.699 

1.299 

18.7 


Because the value of A^ includes only the compression skin 

and webs, the thickness of the tension skin is added (column (LO)) 
before the structural wei^t of the wing is computed. This structural 
weight of the wing is, of course, a minimum value, which wotild be 
Increased by the weight of any attachments and fittings required. 

The throe designs arrived at in the foregoing table are 
illustrated in figure 7* These designs might be called the ideal 
configurations. They would imdoubtedly have to be adjusted in any 
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given case to make vise of avallalDle sheet gages and to provide 
an integral numher of sheet hays across the vidth of the wing. 

Such adjustments must naturally depend on the particular circum- 
stances in each design. After the adj\iatment is made, the safety 
of the final design can he estimated through figure 2 and the 
appropriate ctirve of against from references 3 to 9* 

It should not he concluded from the example that a thicker 
skin always resiilts in a greater wing freight, hecause for some 
dimension ratios a sli{^tly lighter design was found to he 
obtained hy using a thicker skin. 


Langley Memorial Aeronautical Laboratory 

National Advisory Committee for Aeronautics 
Langley Field, Va., April 1, I947 
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APPENDIX A 


PBEPARA.TION OF CHART FOE CALCULATION OF BTXJKLUIG STRESS 
Summary of Procedure 


The preparation of the chart for the calculation of the 
■buckling stress of a multi-web -wing was accor^iliBhed in two steps • 
First, a calculation •v/as carried ■tbrou^ and a chart prepared for 
obtaining the buckling stress of a plate undergoing bending in -the 
plane of the plate^ wl-th the tension edge slmp]^ suppor'ted and the 
compression edge subjected to various degrees of elastic restraint. 
Second, the interaction of such a plate and the compression skin 
was considered and from these considerations "the chart of figure 2 
was prepared. 


Buckling Stress of a Plate in Bending 

For -the calculation of the critical stress of an infinitely 
long flat plate under bending forces in the plane of -the plate 
the energy method was •used. The plate is simply supported along 
the tension edge and subjected to various degrees of elastic 
restraint along the ccmpression edge. The elastic restraint is 
assumed to arise from an elastic medium distributed along -bhe 
compression edge^ this elastic medivaa has the basic property ■that 
a sinusoidally applied moment causes a sinusoidal rotation in phase 
with ”1116 moment. Thus, this elastic medium is eq,ui valent "bo the 
ccmpression skin when the wave leng’ths of "ttie medium and "the compression 
skin are equal. The criticcil stress of -the plate is obtained from 
the condition of neutral stability in which the work done by external 
forces must equal the strain energy of -the buckled plate pl-us the 
energy of the restraining medium. 

Figure 8 shows the coordinate system and the plate dimensions. 

The intensity of the distributed forces acting in the middle plane 
of the plate is given by -the equation 



(Al) 


The deflection surface of the buckled plate can be represented by 
the series 


w = sin 


TCX 

Hi 


T 


. nity 


(A2) 



10 


NACA TW No» 1323 


Substitution of equation (A2) in the expression for the strain 
energy of "bending (for this oese equation 199 ^ reference 10 ) gives 


= 


8 


GO 

V 

n=l 


®n‘ 




+ — \ 
"bysy 


(A3) 


where Vp is the strain energy of the "buckled plate per half wave. 

The expression for the energy of "the restraining rcedivaa per half 
wave • 1s. 


'^1- • (AiO 

where 9 is the amplitude of the sinusoidal edge rotation and 
is given by 


0 = 


nrt 


'i— - by 

n=l " 


(A5) 


Substitution of equation (A2) in the expression for the work done 
by external forces on the plate (for this case equation 201, 
reference IC) gives 


XW n^ i (n^ - i^f- 


(a6) 


(n ± i must be odd) 


where T is the work done by the tensile and compressive forces 
during buckling. Eqiiating this work to the strain energy of bending 
plus the energy of the , restraining medium and making the substitutions 


N, 






S 

o 








F 
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gives the following expression in 

e^(l + 

n=l iT 

(n ± 1 must he odd) 

The coefficients a must he so adjusted as to make the 
expression for k^ a minimum with the consiaraining relationship 
that 




l6p%yy a^a^ni 

^ ^ i (n2 - i2)2 


(A?) 


e 



(a8) 


This result is accomplished hy means of the Lagrangian multiplier 
method outlined in reference 11 . The expression to he minimized is 


y~ + 2€02p^ - 

n=l jT 


160 % y y a^a^hi 

" ^ ^ (n2 - i2)2 


n=l i 




(A9) 


(n ± i miist he odd) 


with the constraining relationships (a 8) when 7 is the undetermined 
Lagrangian multiplier. Taking derivatives of this expression with 
respect to 6 and the coefficients eq.uating these derivatives 

to zerOj and simplifying gives the following set of linear 
homogeneous e^uatioiis ; 
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l6p%:^ y" -vnjt 

«2 i (n2 - l2)2 ■'eb 

w 


(n -fc i must be odd) S (AID) 



0 


J 


"Sox the purpose of these calculations It is considered 
sufficiently accurate to set 



= 0 


where J = 0, 2, 4, Then, 


l6p^k^i 

2ag 4ajj. 6ag 


yiit 

Tt^^l + P^l2^ 


(i^ - 4)2 (i2 i 6)2 (i2 - 35)2^ 

21^,1 

[l + P^i2) 


(1 = 1 , 3 , 5 , •••«) 

Substituting this equation into the equations (AlO) gives the 
following set of stability equations: 
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In order that equations (A13.) "be compatlhle, the determinant 
of the coeffioiente must vanish. The D.ovest va3.ue of for which 

this dotemiinant veinished is the desired 'buckling-strees coefficient. 

Flf^e 9 shows a chart calciilated from equations (All) with 
velues of j plotted against for various ■values of a 

parameter e, termed •fclae 'Restraint coefficient" along -the compression 
edge. The restraint coefficient e is given- hr “the expression 


!fo\ 

% 


(A12) 


for "the type of restraining medium in which a sinusoidally applied 
moment causes a sinusoidal rotation. With -the coefficient 

known, the elastic huckling stress can he ca3.cula-fced from 

the ' expression 


0 


cr 





(A13) 


For the special case of elas'bic restraint along the ■tone ion 
edge with the compression edge simply supported, the same equations 
can he used as for elastic restraint aJLong ■the conrpreeslcn edge . 

It is only necessary to obtain negative values of k^^ from 

equations (All) . The minimum, negative va3.ue of for ■the restraint 

coefficient € = <x» (complete fixity along ■the tension edge) was 
calculated and ■was found ■bo differ fx'-om ■that for € = 0 (simple 
support along the tension edge) hy on3.y 0.8 percent. Thus, in ■this 
case ■blie assumption of single support at the lo^^TOr edge of the wehs 
is conservative hy on3.y approximately 0.8 percent. 


Buckling Stress of a Multlweh Wing 

The huckling s^treos of a multi^weh wing was calcula-ted hy an 
application of the principles of moment dis^trihution to the 
s^tahillty of thin plates. This method is preson^ted in reference 12. 
For a s^bructure ccaaposed of Icng plates under Icngi.tudinal load ■the 
condition of neutral stahility gives ■the critical huckling e^bross 
for the s^ti'uctxjre and is obtained hy setting ■the sum of the stiffnesoes 


T 
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of the members of any Joint e(jual to zero. If the Joint is assumed 
to he the intersection line between a weh element and the compression 
sldn, the total stiffness of the Joint must he zero: 



* = 0 


(Allf) 


Also, for eq.uilihrium of the weh^ the restraint offered to the wah 
must equal the negative of the. -Stiffness of the veh: 



(AI5) 


Substituting equation (AI5) in equation (Al^i-) and simplifying in 
order to obtain the stiffness of the compression skin in terms of 
the restraint offered to the web gives - _ 



As the stress in the web at the Joint must equal the stress in 
the skin at the Joint for equilibrium, 


or 





CAI7) 
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It is a]Bo necesseiry that the half-wave length of the weh eqLual the 
half.-wave length of the skin 


or 







(AI8) 


The critical “buckli n g stress of the multiveh wing is^ therefore^ 
the lowest stress that satisfies the three conditions (eijuations (AI6), 
(Al?)^ and (AI8)) simultaneously. Tlie buck3.ing coefficient is 

determined hy trial calculaticaae end interpolation so that these 
conditions are met. The stiffness of the compression skin for 
different values of the parameter and k^ was obtained from 

the stiffness te.bles of reference I3. The stiffness of the web 

for different values of the parameter X„ and k„ was obtained 

o o 

from figure 9 herein. 

From these calculations the chart of figure 2 was constructed 
with values of plotted against various dimension ratios 

"til® buckling coefficient kg is 

known, the elastic crltlcaJ. stress for the multlireb wing can be 
calculated from the equation 



r 
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AxTEKDIK B 


DESIGN CHARTS 
Selectlcn of Parameters 


In order to prepare design charts, it is necessary to know 
vhat factors must he considered design conditions and what factors 
can he varied at the will of the designer. In order that the chart 
for each material may he completely general, it is also desirable 
that the parameters selected he either dimensionless or in units 
of stress . 


For the design of a multiweh wing, the more important fixed 
conditions to he met are usually ihe moment per chcrdvise inch, the 
depth of the wing cross section, and the skin thickness . These 
design conditions can he specified in terms of the t\?o parameters 


M. 


./V 


and 




The q.ijantity 


“i/'V's 


represents the highest 


stress attainable, as it is the stress that woxild he developed 
were the entire load carried in the slcin alone. The quantity 

is simply the ratio of depth to skin thickness for the wing. 



The thickness and spacing of "the shear webs can he varied to 
produce the required strength. These quantities can he expressed 
in terms of the ratios 

It is also desirable to have a parameter that gives a measure 
of the structural efficiency of the design. Such a quantity 
is . VI til and h^^ fixed, this qiiantity is an inverse 

measure of the area and thus, for given density, also an inverse 
measure of the wel^t of the compression skin and webs. 


Preparation of Design Charts 

The procedure in preparing the charts is essentially one 
of working backward from certain proportions of the wing to the 
design conditlorjB for which those proportions provide the most 
efficient cross section. The starting conditions are taken &e 
values of t^^tg, and h^^hg. The other necessary 

quantities will nosr he evaluated in terms of these fixed values . 
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The area per chordwise Inch of compression shin and •we'bs is 
given hy "the area included in one hay divided hy the width of tlmt 
hay: 


and 


A, = 








^ - 1 + — — 
■^S 


(Bl) 


The value of M^j h^^ is then given hy 

_ ^i/ 

"Vi ^1/ ■*^S 


n-!kL5w 


(B2) 


With the neutral axis at the center, the value of a , which 

max 

is the stress that must he developed in order to carry the moment^ 
is given hy 


a 

max 


M. 


h t 
S S 





h 


S 
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which rediicee to 


The value of corresponding to is taken from figure 10 

for the material under consideration. The ri^t-hand portion of the 
curves in figure 10 are obtained frcan references 3, 5, 9- (The 

curve for 2l*S-T sheet is a lower envelope of the curves of reference 3, 
and the curves for extruded 7^"T and extruded 0“1HTA are an average 
of the curves of references 5 and 9 * ) fhe straight line at the left 
is simply a plot of the eq.uation a = 1.5g^^ = 1.5^l2£ (for 

the range covered, J and is based on the assumption that 

no buckling of a multlweb wing should be permitted under any 

fli^t condition. The desigp. ultimate stress must then never 

exceed 1.5o„„. 

cr 

If \rl^s known, the value of l£^ can be 

picked from figure 2. OWen by transposition of the terms in 
equation (l), 

and 

*s ' ■^s % ’’s 


conditions that apply 
\j\- This 

combination, however, may not be the most efficient way of meeting 
those design conditions . In order to find the moot efficient 
proportions, Is varied for each "to obtain a series 

of values of kg, each value 


The foregoing calculations show the design 
to a given combination of values of 
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of Theii, for each valtie of %|"fcg (with a given value 

of a curve of against is ohtalned. 

The envelope of all these curves shows the- maximum efficiency 
attainable, and the point of tangency of each curve to "tiie envelope 
shosTS the value of '^^ioh each corresponds. The 

point along the individual curve at which it becomes tangent to the 
envelope indicates the value of b^|bg. 

Actually, it was found that, in the elastic range, the value 
of giving maxlmvaa efficiency for a given constant 

(see figs. 3(b), 4(b), 5(b), and 6(b)) and that, above the elastic 
range, the variation from this value was not appreciable. This 
single value of ^/^g each was therefore used in the 

preparation of the charts . 
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APPENDIX C 

EEEECT OF SHEAE IN THE NEBS ON THE EUCKLIN& 
STRESS OF MDLTIWEB WINGS 


The present analysis treats the problem of a multiveb ving in 
which the buckling of the webs and compression skin under bendli^g 
loads is of primary significance. Even though the bending loads 
may be of primary significance, the webs and compressicMi skin will 
be under a combination of bending and shear loads. The shear stresses 
in the skin should be low in order to obtain torsional stiffhess and 
thus will be neglected. The interaction of the shear and bending 
loads in the webs, however, must be ccaisidered. The sing)lest method 
of considering shear in the webs is by means of an interaction curve 
so -that the approximate effects can be determined. 


Interaction Curve 

Figure 11 shews an interaction ctirve adapted from figure 19^ 
of reference 10. This curve is for a flat rectangular plate simply 
supported along the edges and subjected to a conibination of shear 
and bending. From reference 10, it appears that the interaction 
curves are substantially independent of the aspect ratios and the 
curve given in figure 11 is an average of those given in reference 10. 

The shear “stress ratio E is the ratio of the shear stress T 
actually present in the plate to the critical shear stress of the 
plate when no other stresses are present. Similarly, the 

bending stress ratio is the ratio of the bending stress a 

actually present in the plate to the critical bending stress of the 
plate when no other stresses are present. Thus, the interaction 

curve gives the various combinations of bending and shear stress that 
will cause buckling of the plate. 


Effect of Shearing Stress on Multiweb 
Wing Design 

A designer nay make a preliminary design of a multiweb wing 
based on bending loads alone. The shear stress in the webs T 
and the critical shear stress T_„ are then calculated and from 
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these values the shear-stress ratio Rg is obtained. IHie value of 
the critical shear stress for simply supported edges can he 

calculated, once the weh dimensions and material are known, hy the 
method and charts of reference l4. The value of computed in 

this manner is probably slightly conservative since the veb votJui 
be restrained along the upper and lower edges . With tlie ratio Eg 

established, figure 11 can be entered and the ratio obtained. 

This ratio E^ is, then, the ratio of the bending stress a actua3,2.y 

allov/able in the web to the critical bending stress a_„ when no 

oidier stresses are present. Since for -ttie preliminary design 

may be obtained by the uae of figure 2, the allowable bending 
stress a can be obtained. This stress a, acting in combination 
with the shear load, will cause buckling of the wing. 

It may be noted from figure 11 that considerable shear can be 
present without greatly reducing the buckling stress for the webs 
in bending . 
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Fig. 1 



Simple support com«ittei a««*ut.cs 


Figure 1.- Multiweb wing and idealized structure. 
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Simple support 


Figure 2.- Values of k_ for idealized multiweb wii^s in bending. 
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(b) Dimension ratios for maximum efficiency. 
Figure 3.- Concluded. 
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Fig. 4a 



Mi 

(a) Values of efficiency parameter 
Figure 4.- Design chart for extruded 75S-T alumin\am-alloy multiweb wing. 
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(b) Dimension ratios for maximiam efficiency. 


Figure 4.- Concluded 
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(b) Dimension ratios for maximimi efficiency. 
Figure 5.- Concluded. 


r 




NACA TN No. 1323 


Fig. 6a 
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(a) Values of efficiency parameter 


Figure 6.- Chart for direct weight comparison of extruded 0-lHTA 
magnesiiom -alloy with aluminum alloys for multiweb wings. 
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(b) Dimension ratios for maximiun efficiency. 
Figure 6. - Concluded. 
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Figure 7.- Cross-sectional views of minimum -weight designs of 
24S-T aluminum -alloy multiweb wings with M. = 300 inch -kips 
per inch and tL„ = 15 inches. 
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Figure 8,- Infinitely long jCLat plate under bending forces. Tension edge 
hinged, compression edge elastically restrained. 
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Fig. 9 
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PigTore 9.- Values of for a plate in bending in the plane of the plate 
with various restraint coefficients € along the compression edge. 
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Figure 10.- Variation of o with for extruded 

xxIaX 

75S-T aluminum alloy, 24S-T aluminum-alloy sheet, and extruded 
0-lHTA magnesium alloy. (Data from references 3, 5, and 9.) 
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Fig. 11 





Figure 11.- Interaction curve for plate under bending and shear; edges 
simply supported. (Average of curves from fig, 194, reference 10.) 



